IMPORTANCE Although school environments are thought to influence health behaviors, experimental data assessing causality are lacking, and which aspects of school environments may be most important for adolescent health are unknown.
E ducation is a key social determinant of health. [1] [2] [3] Most studies measure education by academic achievement or attainment. 4 However, growing recognition that school environments likely influence health through pathways that do not necessarily depend on academic gains is increasing. 5 In addition to developing students' knowledge and skills, schools function as social institutions, connecting adolescents with peers and adults, transmitting social norms, and encouraging or discouraging specific behaviors. Understanding whether and how the school environment might be intentionally engineered as a platform for health promotion is critical to designing effective health and education policies.
5
Previous observational studies 6-8 have found associations between measures of a supportive school environment and health behaviors such as substance use. A few quasiexperimental studies [9] [10] [11] [12] [13] [14] suggest that exposure to better educational environments improves health behaviors. However, none of these studies examine the transition to highperforming schools or provide detailed data about school environments, social networks, or other factors that might explain how schools affect adolescent health. Hence, whether changes in the high school environment reduce adolescent substance use and, if so, which aspects of the school environment matter most, remains unknown.
To test whether and how school environments influence substance use, we exploit a natural experiment to study whether attending high-performing charter high schools was associated with improved health behaviors for low-income minority adolescents. Although charter and traditional public schools vary in terms of composition and outcomes, charter schools tend to have lower enrollment, serve fewer special education students, and have a higher proportion of low-income and minority students compared with traditional public schools. 15 In the Reducing Inequities Through
Social and Educational Change Follow-up (RISE Up) Study, we capitalized on the lottery admission system for several high-performing charter schools in low-income neighborhoods of Los Angeles, California, and prospectively followed up a cohort of adolescents from high school admission through 11th grade. In addition to examining our primary substance use outcomes, we examined other risky health behaviors, such as sexual activity, violence, and delinquency. We also tested several hypothesized pathways linking school environments and health, 16 including school climate measures and peer network characteristics, to understand the mechanism of how better school environments might lead to better health.
Methods

School Recruitment
This longitudinal natural experiment studied the association of high-performing schools with the health of low-income, minority adolescents. The RISE UP Study charter schools were selected based on the following criteria: (1) location in Los Angeles County; (2) most students enrolled are economically disadvantaged (qualify for free or reduced price lunch); (3) academic performance in the top tertile of public high schools in Los Angeles County based on 2012 state standardized test scores (Academic Performance Index); (4) oversubscription of applicants (>50 more applicants than seats available); and (5) use of an admissions lottery. We identified 91 public charter high schools in Los Angeles County, of which 32 satisfied the first 3 criteria. All 5 schools that met the remaining 2 criteria agreed to participate in the study. All procedures were reviewed and approved by the institutional review board of the RAND Corporation. Written parental consent and student assent were obtained from all participants.
Participant Recruitment
From each school, we randomly sampled, stratified by lottery result, from the list of lottery winners and losers during 2 consecutive years to identify potential study participants. Students were eligible for the study if they applied for 9th grade admission to one of the study schools for the fall of 2013 or 2014, spoke English or Spanish fluently, and resided within Los Angeles County. Siblings of current students were excluded because they were admitted outside the lottery. Of the 1996 potential participants identified (Figure 1 ), 487 were ineligible, 239 refused participation, and 1270 of 1509 eligible participants consented to participate (participation rate, 84.2%). Of these, 576 were lottery losers (control group) and 694 were lottery winners (intervention group). We did not have control over the random assignment via admissions lottery, but we reviewed each school's lottery procedures to confirm that only basic contact information and no demographic or academic achievement information were contained in the lottery application.
Data Collection
Data were collected from March 11, 2011, through February 22, 2017. Bilingual research assistants completed a face-toface, baseline computer-assisted survey with students at the end of 8th grade or fall of 9th grade and follow-up interviews during 10th and 11th grades. Interviews were conducted at a location of the participant's choice that afforded sufficient privacy, typically their home or their school. Sections asking about risky health behaviors were collected using a computer-assisted self-interview to encourage honest responses. 17 No significant difference in survey completion or retention by study arm were noted, and 1114 participants (87.7%) were followed up through 11th grade. Data on participants' schools were collected from the California Department of Education.
Measures Risky Health Behaviors
Because early marijuana use is associated with more risky substance use and other negative health behaviors over time, 18-20 our primary outcomes of interest were 30-day and high-risk marijuana use. At each wave, students selfreported whether they had used marijuana in the previous 30 days and completed a marijuana misuse scale (α = .85), an index we adapted from the alcohol misuse scale 21 of 8 highrisk behaviors that are associated with developing a substance use disorder (eg, getting in trouble because of marijuana use, missing school because of marijuana use, using marijuana at school). The index assessed behaviors in the prior 12 months and ranged from 0 to 8, with higher scores representing more risky substance use. Additional health outcomes included 30-day alcohol use, the alcohol misuse scale (α = .88; range, 0-9, with higher scores indicating more risky alcohol misuse), ever being in a fight, and ever having sex. 22 Students also completed a delinquency scale in which they reported the frequency of engaging in 8 delinquent behaviors that have been associated with negative life outcomes in the previous 12 months. 23 The resulting delinquency index (α = .60) ranged from 0 to 8, with higher scores representing a greater number of delinquent behaviors.
Secondary Outcomes
We measured factors hypothesized to diminish opportunities and motivate students to engage in risky health behaviors, 16 including social ties to peers with more risky behavior. 24, 25 We used a standard procedure for collecting personal social network data. 26, 27 At each wave, students named 20 people in their social network, identified which of those individuals were peers, and reported whether those peers engaged in alcohol and marijuana use. Based on these responses, we derived separate measures of the proportion of peers in the network using marijuana and alcohol. In addition, increased academic engagement and accountability can reduce unsupervised time outside of school, limiting opportunities for risky behaviors and increasing motivation to engage in prosocial behaviors. 28, 29 Hence, students reported the amount of time per day spent studying and whether they cut school in the last 12 months and completed a 14-item school engagement scale (α = .80; range, 1-4, with higher scores indicating greater school engagement). 30 To assess school culture, which may influence behavioral norms and social incentives, students completed a 9-item measure of school order (α = .68; range, 1-4, with higher scores indicating a more orderly environment) adapted from a measure of home chaos 31 and a 4-item measure of school safety (α = .81; range, 0-3, with higher scores indicating greater perceived school safety) 32 and rated the level of teacher support for college attendance (range, 1-4, with higher scores indicating greater perceived teacher support). 33 We also included a measure of school social culture; participants indicated whether 12 traits or behaviors (eg, being a good student, disrupting class, bringing drugs to school) would increase or decrease popularity (α = .84; 
Covariates
Owing to the lottery design, assignment to the intervention or control group is random. However, students who applied to multiple charter schools had a greater chance of winning at least 1 lottery. We followed the charter lottery literature and controlled for the set of schools to which students and their parents reported applying (the risk set). 35 Because students are randomly assigned to the intervention group, we do not need to control for additional covariates to get unbiased estimates; however, including covariates improves power and may reduce bias in small samples that are unbalanced owing to random chance. We therefore control for a number of covariates collected at baseline: sex, race/ ethnicity (Latino vs not), native language, being born in the United States, grade point average in 8th grade, parental educational attainment, parental birthplace, parental employment, family structure, and parenting style (as measured by the Index of Parenting Style). 36 Because substance use might vary by time of the school year, we also controlled for the month that the survey was conducted.
Statistical Analysis
Data were analyzed from October 1, 2017, through July 1, 2018. We used 2-tailed unpaired t tests and χ 2 tests to compare intervention and control participants on baseline covariates as well as parental substance use, with P < .05 indicating significance. Using the xtmixed command in Stata software (version 14.0; StataCorp), we performed hierarchical longitudinal analyses to estimate the association of winning the lottery with each outcome. We included random effects for student and school to account for multiple observations over time for each individual and nesting of students within schools. We included the covariates described above, fully interacted with grade. We excluded observations from grade 8 because these occurred before the intervention began. We refer to these as the intention-to-treat (ITT) estimates. Some students who won the lottery did not enroll in a top-tertile public school and vice versa. The ITT estimates will therefore underestimate the influence of actually attending a high-performing school. We used instrumental variables analyses to estimate the association of enrolling in a top-tertile public school with 2-stage least squares (2SLS) analysis. 1, 13 Under the assumption that winning the lottery affects outcomes only through enrollment in a highperforming school, the instrumental variable estimate is the local average treatment effect for the students whose decision to enroll in a charter school is determined by the lottery results. Finally, because the factors associated with marijuana use 37,38 (our primary outcome) and the association between school environments and health likely differ for boys and girls, 39 we conducted sex-stratified analyses.
Missing data for all variables (including outcomes) and loss to follow-up or refusal to participate were multiply imputed. Less than 1% of data were missing for each variable, except parental educational level, which had 4.8% missing data. Imputed results were similar to results using unimputed data.
Results
The 6%] in 9th grade; P < .001), but crossover occurred in both arms, because other schools in the region were also high-performing. The sample is representative of low-income minority communities in Los Angeles, with 1137 (89.5%) identifying as Latino and only 666 (52.4%) with at least 1 parent who graduated from high school. The characteristics of the intervention and control groups were not significantly different, with the exception of baseline grade point average (Table 1) , which was controlled for in all analyses. Compared with control students, a greater percentage of intervention students had a baseline grade point average ranging from 3.5 to 4.0 (23.5% vs 20.8%) or had no 8th grade transcripts (21.5% vs 13.4%).
The ITT analyses (Table 2 ) demonstrated that the intervention group had less marijuana misuse than the control group (mean marijuana misuse score, 0.46 vs 0.71), as well as fewer substance-using peers (9.6% vs 12.7%), more time studying (mean, 2.63 vs 2.49 hours), less truancy (84.3% vs 77.3% with no truancy), greater teacher support for college (mean support scores, 7.20 vs 7.02), more orderly schools (mean order score, 7.06 vs 6.83), and less school mobility (21.4% vs 28.4%). Results were similar before and after adjusting for covariates ( Table 2 ). The ITT analyses stratified by sex (eTable 2 in the Supplement) showed that, that among boys, intervention participants had significantly lower marijuana use (mean misuse score, 0.43 vs 0.88; difference, −0.45; 95% CI, −0.78 to −0.13) and alcohol misuse (mean misuse score, 0.52 vs 0.97; difference, −0.44; 95% CI, −0.80 to −0.09) scores compared with control participants, whereas no significant health effects were noted for girls.
Instrumental variables (2SLS) analyses ( Figure 2, Figure 3 , and eTable 3 in the Supplement) estimate the association of attending a high-performing school with our outcomes, separately by grade and sex. The estimates for boys more consistently suggest benefits of attending a high-performing school than they do for girls, although the differences in treatment effects by sex are not statistically significant. 
Discussion
In this quasi-experimental study, we found that students attending high-performing schools through the charter school admissions lottery had lower rates of risky health behaviors, particularly with respect to substance use. The estimated effects were more consistently beneficial for boys, although not statistically distinguishable from the effects for girls. The fact that these findings are from a natural experiment, rather than observational data, provides compelling evidence that school environments can influence health for low-income minority students and suggests that investing in healthy schools might yield valuable population health returns. The potential differences in associations for boys vs girls are consistent with studies suggesting sex differences in the factors associated with risky health behaviors and the potential for school environments to intervene on these factors. 40 For example, prior evidence 41 suggests that boys' social networks are more strongly determined by their school environment. Further, typical school environments may be more negative for boys. This finding is consistent with those from a randomized trial of early high-quality education, 9 which suggested that low-quality educational environments are more harmful for boys than girls.
42
We also noted more consistent effects on marijuana use compared with alcohol use. This finding may be because marijuana use represents a more deviant behavior than alcohol use. For example, in 2015, 55% of Hispanic high school students in Los Angeles reported ever using alcohol, whereas 36% reported marijuana use. 22 Whether this pattern changes as marijuana policies change remains to be seen. Prior research has posited that the link between education and health outcomes might be driven through acquiring greater knowledge, accessing better resources, or improving noncognitive skills. 4 We found evidence of immediate reductions in risky health behaviors, as early as 9th grade, which is likely inconsistent with mechanisms that depend wholly on improved skills or knowledge. The positive associations noted with intervention students' social networks and school culture provide an alternative and suggestive pathway. These factors are likely to change on entering a new school environment and alter the opportunities and motivations for adolescents to engage in risky behaviors. If, indeed, the association of school environments with risky health behaviors operates largely through the social interactions that schools facilitate, then greater attention to constructing healthy social environments is warranted. The highperforming schools in this study may have achieved their association with health behaviors purely by isolating students from more deviant peers in other schools. If so, widespread application of this strategy is problematic, to say the least, and would likely magnify health disparities. Alternatively, the associations noted herein may be driven by practices that enhance a positive school culture and supportive adult and student interactions to reinforce those healthy norms. Although the current study cannot distinguish between these 2 potential pathways, the positive findings associated with increased perceived teacher support for college, school order, and a more prosocial school culture (for boys) suggest important mechanisms for future study. a Reports the estimated outcome in the control and intervention groups at the mean of the controls; the third column in each set reports the coefficient for winning the lottery (intervention) with 95% CIs. Models were estimated using mixed-effects multilevel regression models controlling for the following covariates: number of schools to which students applied, sex, race/ethnicity (Latino vs not), native language, born in the United States, grade point average in 8th grade, parental educational attainment, parental birthplace, parental employment, family structure, parenting style, and interview month.
b Calculated as intervention group minus control group.
c Scores range from 0 to 8, with higher scores indicating more risky substance use.
d Differences were significant at P < .05.
e Scores range from 0 to 9, with higher scores indicating more risky alcohol misuse. 
Limitations
This study presents a rare opportunity to quantify the association of high-performing schools with health using quasi-experimental data. We observed crossover from both study arms, so the simple intervention-control differences (ITT) will underestimate the influence of school environments on health; the instrumental variables 2SLS analysis estimates adjust for crossovers. The charter schools in this Graphs plot the estimated association of treatment by attending a high-performing high school (95% CI) for boys and girls. We used instrumental variables analyses, and attendance was instrumented with an indicator for winning the charter school lottery. Models control for number of schools to which students applied, sex, race/ethnicity (Latino vs not), native language, born in the United States, grade point average in 8th grade, parental educational attainment, parental birthplace, parental employment, family structure, parenting style, and interview month. Graphs plot the estimated association of treatment by attending a high-performing high school (95% CI) for boys and girls. We used instrumental variables analyses, and attendance was instrumented with an indicator for winning the charter school lottery. Models control for number of schools to which students applied, sex, race/ethnicity (Latino vs not), native language, born in the United States, grade point average in 8th grade, parental educational attainment, parental birthplace, parental employment, family structure, parenting style, and interview month. Data were not collected for positive school culture score and school order score in 8th and 9th grades. NR indicates not reported. study may not be representative of charter schools as a whole and, although we attempted to characterize how school environments differed for intervention vs control students, additional important differences may not have been measured herein. Also, all data are self-reported, and although participants were assured of the confidentiality of their responses, social desirability might have influenced participants' answers, and this influence might vary by group assignment. Although intervention and control students might have had different exposure to the neighborhood around their schools, which may influence their behaviors, we believe this effect is likely small, because the study charter schools are located in the same general area as most of the comparison schools. The multiple outcomes increase the chances of wrongly rejecting some null hypotheses. However, the outcomes are highly correlated and the consistent pattern in our findings makes this unlikely. Importantly, this sample is predominantly Latino, comes from a single (albeit large) urban area, and is limited to students who applied to an oversubscribed highperforming charter school, so results might not be generalizable to other groups. Also, we present relatively short-term associations herein, and a longer follow-up time might yield different results.
Conclusions
Despite these limitations, this study provides compelling evidence that school environments can influence health and that these influences can be immediate and particularly beneficial to low-income, minority boys. Social experiments such as this are critical for informing effective policies and practices, especially when associations and implications cross multiple sectors. Our findings suggest that investing in high-quality school environments can yield important health returns in addition to academic returns and hence may be of even greater societal value than previously believed. Further, the intermediate outcomes herein suggest specific aspects of a school environment that might be leveraged to support health not just in charter schools. Investing in high-quality public schools may be an important strategy for achieving health equity for all students, and particularly the most disadvantaged. Future studies targeting schoolbased social networks and school culture, for example, can begin to identify the pathways through which to build healthier schools. Opportunities to rigorously study such interventions and to determine the long-term influences on health and wellbeing are critically important if we are to move from merely documenting to harnessing the social determinants of health. 
